The idea of fermion mass generation through Yukawa couplings between Higgs bosons and fermions may be tested by their associated production at future linear colliders ( LC ). We study the production mechanism in the minimal supersymmeric standard model at photon colliders that can be realized by the laser back-scattering technique at the LC. We find that the cross sections for the production of the light Higgs-top pair, heavy Higgs-bottom pair and pseudoscalr Higgs-bottom pair can reach the level of ∼ 1.0 fb or higher for phenomenologically favoured values of the parameters in the Higgs sector. Since this mechanism is not affected by the appearance of Higgs resonances as in electron collisions, it may provide a more sensitive way to determine the Yukawa couplings between Higgs bosons and heavy quarks. While the Higgs particles will probably be first discovered at LEP2, Tevatron or the future LHC, the future linear collider (LC) will provide an almost unique place to explore their detailed properties due to its clean environment and high luminosity. The successful discovery of Higgs particles will certainly advance our understanding of electroweak symmetry breaking and the mass generation of weak gauge bosons. However, it is important to notice that this does not mean that the issue of fermion mass generation will then automatically be solved since the latter could in principle be due to a separate ( or an additional ) origin. To answer this question, it will be necessary to examine the Higgs-fermion interactions independently.
The Higgs particle that is assumed to trigger the spontaneous breakdown of electroweak symmetries in the standard model (SM) or its extensions has so far been experimentally evasive.
The current negative result of direct search imposes a lower bound on its mass, m H > 100 GeV [1] . Yet, global fits of precision electroweak data favour a relatively light SM Higgs boson with m H < 260 GeV at the 95% confidence level [2] . In the minimal supersymmetric extension of the SM (MSSM), there are five Higgs particles, the lightest of which cannot exceed a mass of about 130 GeV because of supersymmetry and upon including radiative corrections [3] . More generally, there are arguments from triviality and vacuum stability that the SM Higgs boson mass should be in the narrow range of 130 GeV < m H < 180 GeV if the scale of new physics is of the order of the Planck scale [4] and that the lightest Higgs boson in general supersymmetric models should be lighter than about 200 GeV [5] . All this implies a no-loss discovery of Higgs particles at the current or proposed future high energy colliders if there exist any such particles in Nature.
While the Higgs particles will probably be first discovered at LEP2, Tevatron or the future LHC, the future linear collider (LC) will provide an almost unique place to explore their detailed properties due to its clean environment and high luminosity. The successful discovery of Higgs particles will certainly advance our understanding of electroweak symmetry breaking and the mass generation of weak gauge bosons. However, it is important to notice that this does not mean that the issue of fermion mass generation will then automatically be solved since the latter could in principle be due to a separate ( or an additional ) origin. To answer this question, it will be necessary to examine the Higgs-fermion interactions independently.
In the SM, fermions acquire mass through the Higgs mechanism and the Yukawa couplings.
Since these couplings are proportional to the mass of fermions considered, only the Higgs-top coupling is phenomenologically interesting. There are several ways to test the coupling. For example, we may measure the effective Hγγ or Hgg vertices ( H for the SM Higgs boson, γ the photon and g the gluon ), which essentially count the number of heavy particles, or the decay width of H → tt if this is kinematically allowed. If the Higgs boson is not heavy, the to study the coupling [6] [7] [8] . ( For the same production mechanism at hadron colliders, see Ref. [9] . ) In the MSSM, however, this simple pattern of associated production becomes complicated [7] [10] [11] . The Yukawa couplings are modified by the mixing angle α in the CPeven sector of the neutral Higgs bosons and tan β, the ratio of the two vacuum expectation values of the Higgs fields. It turns out that the top production will be suppressed while the bottom enhanced as compared to the SM case for phenomenologically favoured large values of tan β. Furthermore, for associated Higgs-bottom production, the resonant structures of the Higgs bosons must be included due to the off-diagonal A 0 H 0 Z and A 0 h 0 Z interactions. ( Here H 0 and h 0 stand for the CP-even heavy and light Higgs bosons, and A 0 the CP-odd one. ) The production rates are then overwhelmingly dominated by these resonant structures, which make the extraction of Yukawa couplings very involved and challenging. Actually, in the resonant region the sensitivity to Yukawa couplings is largely reduced so that one generally has to appeal to the continuum region for the extraction of couplings [11][12] .
In this work we shall consider an alternative way to measure the Yukawa couplings at the LC; namely, the associated production in photon collisions,
The technique using back-scattering laser lights [13] makes this a possible option for linear colliders which has been included in all proposed projects for the future linear colliders. The advantages using photon-photon or photon-electron collisions for some processes involving Higgs production have been extensively explored in the literature [14][15] . For the process at hand, the SM case has already been examined in Ref. [16] . It was found that the rate for associated
Higgs-top production in photon collisions is comparable to that in electron collisions while the background is slightly better. In the supersymmetric case to be investigated here, we generally cannot expect a rate as large as in electron collisions because of the resonant enhancement mentioned above. However, as far as the extraction of Yukawa couplings is concerned, one has to subtract the resonant region so that the effective rate is much smaller in electron collisions, while in photon collisions our processes will not be contaminated by similar resonances.
Let us first specify the Yukawa interaction between the generic Higgs boson φ and the fermion ψ,
where m f is the fermion mass and
. Our subsequent calculation applies to other models as well although we are mainly interested in phenomenology in the SM and the MSSM.
The values for a and b are
In the MSSM, we have four Higgs masses and two angles α, β. Supersymmetry imposes constraints on them so that only two of them are independent, which we shall choose to be m A 0 and tan β. These constraints are modified by radiative corrections. For the numerical analysis to be presented later on, we have included the contributions up to two loops in the effective potential approach [17] .
The Feynman diagrams for the process γ( Fig. 1 , from which we obtain the amplitude,
where Q f is the charge of the fermion, ǫ(i)(i = 1, 2) are the photon polarization vectors, and
The gauge invariance and the Bose symmetry with respect to the photons are explicit in the above expression.
To obtain the total cross section σ, we should take the convolution of the cross sectionσ for the subprocess with the photon luminosity spectrum F (x),
where s is the c.m. energy squared for the parent electrons and the subprocess occurs effectively atŝ = x 1 x 2 s. Here, x i are the fractions of the parent electrons' energies carried by the photons.
For photons produced in the laser back-scattering technique, we have,
where E 0 and ω 0 are the incident electron and laser light energies. To avoid unwanted e + e − pair production from the collision between the incident and back-scattered photons, we should not choose too large ω 0 . This constrains the maximum value for ξ to be ξ = 2(1 + √ 2). The minimum value for x is then determined by the production threshold, In Fig. 3 we plot the cross sections against the c.m. energy of the subprocess for the ttφ ( panel (a) ) and bbφ ( panel (b) ) production. It is clear that increasing the energy does not gain much in cross sections once we are well above the production threshold. This is especially true in the case of b production, where the rate actually decreases as the energy goes up from 500 GeV. At photon colliders using back-scattering laser lights the produced photons are not monochromatic but constitute a continuous spectrum. This effect is taken into account in Figs. In summary, we have considered the associated production of Higgs bosons and heavy quarks at the LC operating in the photon mode which may be used to measure their Yukawa couplings.
For the SM case we reproduced the previous result that the production rate is comparable to that in the parent electron collisions. In the more complicated case of the MSSM, the efficiency of extracting Yukawa couplings becomes somewhat vague in the associated bottomHiggs production of electron collisions due to the contamination by the Higgs resonances.
Instead, we proposed to determine these couplings through photon collisions where no such resonances are involved. We found that the production rate for tth 0 is as large as 1.0 fb while bbH 0 and bbA 0 can be equally or more copiously produced for phenomenologically favoured large values of tan β. This amounts to about 500 events or more for an annually integrated luminosity of 500fb −1 at the TESLA. In this manner, the measurement at photon colliders may provide us a global picture of the Yukawa couplings between the neutral Higgs bosons and the heavy quarks. We also found that a high luminosity is more essential than a high c.m. energy for this purpose. Finally, we should mention that we have considered only the lowest order contribution which may receive potentially large radiative corrections especially for the bottom pair production in the case of large tan β.
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